Abstract. Accessing the part of the spectrum where semiconductors behave like metals leads to extraordinary transmission in the UV regime and enhanced nonlinear plasmonic phenomena in the UV and soft X-ray wavelengths.
Introduction
The propagation of light through small apertures has fascinated scientists for centuries [1] . The demonstration of extraordinary transmission in metallic sub-wavelength arrays of two-dimensional holes by Ebessen in 1998 has renewed the interest in this field particularly for its applications in near-field optics and nano plasmonics [2] . This peculiar phenomenon has been studied widely from the optical to the microwave regime [3] [4] [5] [6] [7] and it has been demonstrated both numerically and experimentally that the choice of the geometrical parameters is crucial to the enhanced transmission process [8, 9] . On the other hand, the excitation of surface waves inside and outside the holes or apertures is indeed necessary for the process [8] . In order to excite surface waves the permittivity of the slit material must be negative. For sub-wavelength apertures in metals, negative permittivities occur in the visible and IR wavebands and so extraordinary transmission and nonlinear optical phenomena will be observed in these wavebands. However, the extraordinary transmission regime can also be extended to the UV-visible range for ordinary semiconductors like GaAs, which indeed have a plasma frequency deep in the UV range, despite the large absorption present in this waveband. As also demonstrated for metal substrates [8] , cavity effects are simultaneously important in linear and nonlinear processes like second harmonic generation. In the case of semiconductor cavities the flavor of the interaction due to surface phenomena arising from Coulomb and Lorentz forces is enriched by the nature of the complex nature of the nonlinear susceptibility.
Linear response of a single sub-wavelength slit on GaAs substrate
We consider a single layer of a GaAs having the optical constants taken from Palik's handbook [10] , and having thickness w and an aperture of size a (Fig. 1) . The variation of these two geometrical parameters is examined in order to enhance or maximize linear transmittance. We considered different values of a, which are smaller than the operating wavelength (i.e. λ/12, λ/8 and λ/6), and varied the thickness of the substrate from w=λ/10 to w=λ. By normalizing the transmitted field to the energy that impinges on the geometrical area behind the slit, we observed how the resonances form in nearly the same positions by increasing aperture size; at the same time the value of the transmission increases with aperture size, approaching a value of 40% when a=32nm and w=40nm. It is worth noting that performing the same analysis for wider slits does not alter the longitudinal Fabry-Peròt-like behavior of the nano-cavity, but the process becomes less relevant when the value of a becomes comparable to λ: the influence of aperture size on the enhanced transmission phenomenon is in fact important only if the size of the aperture is much smaller than the operating wavelength, allowing the efficient formation of longitudinal surface modes inside the hole. Once we fixed the geometrical parameters to a=32nm and w=40nm, we varied the incident wavelength to investigate the relationship between the extraordinary transmission regime and the dispersion peculiarities of GaAs. As shown in Fig.2 , the single slit system exhibits strong resonant behavior as a function of wavelength. The magnitude of the transmittance (blue curve, left axis) increases as the magnitude of the real part of the permittivity decreases (red curve, right axis), reaching a maximum value of ~102% when λ=240nm. Moreover, Fig.2 demonstrates quite clearly that the enhancement of transmission is proportional to ε r and somewhat independent of absorption (black curve, right axis), proving that the extraordinary transmission regime is achieved in spite of the large absorption that typically characterizes semiconductors in the UV range (maximum transmission occurs practically at the absorption resonance).
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Nonlinear response of a single sub-wavelength slit on GaAs substrate
Even if nonlinear interactions in semiconductors are mostly driven by their intrinsic nonlinearity and not by the incomparison-vanishingly-small Coulomb or Lorentz forces (as for metals), pumping a GaAs substrate with a TMpolarized field allows the generation of a TE-polarized SH field because the only non-vanishing nonlinear element is d 14 (=d 25 =d 36 ). Nevertheless, the inclusion of Coulomb and Lorentz terms to the nonlinear polarization (in addition to the ordinary nonlinear χ (2) matrix) leads to the generation of a TM-polarized second harmonic signal that may be more intense than the component generated by the intrinsic nonlinearity; it follows also that a renewed effort to study these effects might uncover new relationships and correlations between linear and nonlinear optical phenomena when semiconductors are considered instead of metals, possibly accessing novel nonlinear plasmonic phenomena in the UV and soft X-ray ranges. Fig.1 . Sketch of the simulated structure: a sub-wavelength slit a wide is carved on a GaAs layer w thick. 
